The presence of spikes and sharp waves in the recordings of epileptic patients may contaminate background signal synchronization in different ways. In this Technical Note, we present a
The presence of interictal epileptiform discharges (IED) in neurophysiological recordings enables us to differentiate between epileptic and nonepileptic patients 1 . Correct identification of IED requires simultaneous occurrence of discharges in at least 2 neighboring contacts caused by the physiological field of the generator. However, co-occurrence of IED in distant electrodes in epileptic patients is usually assessed as true synchronized activity between the pathophysiological structures involved, whether during the interictal 2 or preictal periods 3 .
This finding contrasts with a more recent approach, which uses the full interictal background signal to assess synchronization 4 . Thus, the relationship between interictal background signal and IED content of the signal is a key issue that was first addressed in Bettus et al. 5 and explored in Ortega et al. 6 . By following the same line of reasoning for other values in Table I , we obtain the IED content in the background signal (see column 4 of Table I ). In order to address the question of whether paroxysmal activity "contaminates" synchronization estimates, we implemented the following procedure. Several simulated IED, each one represented by a single sine wave cycle with period equal to 200 data points, were inserted simultaneously into 2 correlated white Gaussian signals in such a way that they occupied a specific percentage of the recording. Figure 1B shows three simulated IED occupying 10% of the whole recording (200x3 data points of three simulated IED in a record of 6,000 data points).
The amplitude of the sine wave is 3 times the standard deviation () of the background signal.
Both background signals were generated with a specified value of correlation (between them.
Specifically, we generated 2 stochastic signals with a bivariate normal distribution, a given mean value (=0 in every case), and a given covariance matrix. In the covariance matrix, we fixed the  of both signals at 1 and changed the correlation so that 0<<1. Several programming packages (e.g. R) enable the above procedure to be implemented easily 10 . Because IED must be clearly differentiated from background activity 7 , we calculated different values of simulated IED amplitude in relation with the  of the background signal. We call this ratio A2S, that is:
Because  was set at 1 in each run, A2S is always equal to the amplitude of the simulated IED.
Three values of A2S were used, 1, 3 and 5. In the example shown in Figure 1B , the correlation value  between the background signals is 0.375.
Three frequently used methods were applied to assess synchronization 6, 11, 12 , namely, Pearson correlation, phase synchronization (PS), and mutual information (MI). We refer to these methods generically as measures of synchronization (MoS).
Lastly, we generated 2 correlated Gaussian signals of 60,000 data points each in length (60 seconds), with =0, =1, and 0<<. Synchronization between both signals was measured using Pearson, PS, and MI. The procedure was repeated using signals containing different percentages of IED. The proportion of simulated IED increased from 0% (no IED) to 100%
(300 IEDs).
The influence of IED on background synchronization (IoB) can be quantified as follows:
As expected, the presence of simultaneous IED in both signals increases the value of synchronization and, thus, the denominator increases faster than the numerator. In the example of right contacts of Figure 1A Table 1 ), respectively. The intersection of the vertical line with each horizontal line is shown in Table 1 (columns 5 to 13) and plotted in Figure 2B Moreover, when MI is used as the selected synchronization measure, the influence of IED almost always severely contaminates full signal synchronization. Third, PS is the most robust synchronization method, with high-amplitude IED content, whereas MI performs worse than the other 2 methods, because IED content considerably influences the synchronization measure, even at very low percentages of IED content. More realistic simulations, such as those based on truly cortical models with epileptogenic activity and connectivity between different locations 15, 16 , can be used in a more in-depth perspective. However, such an approach is beyond the scope of this study.
In addition to the above considerations, we think that a procedure such as that shown in Figure   2A would help to explore and evaluate synchronization estimates obtained on actual neurophysiological recordings from epileptic patients. Likewise, it would help in deciding which kind of MoS should be used in each type of recording in order to assess background signal synchronization without contaminating IED synchronization.
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